ABSTRACT Comparative analysis of the amino acid sequences of hemagglutinins (HAs) of influenza B/Lee/40, B/Md/ 59, and B/HK/73 viruses has allowed examination of the molecular basis of antigenic variation in type B viruses. As seen with influenza type A viruses, antigenic drift in influenza B viruses proceeds mostly through the accumulation of amino acid substitutions within the HAI portion of the HA molecule. However, the rate of variation observed among the influenza B virus HAs appears to be significantly lower than the observed rate of variation among influenza A virus HAs. The overall rate of amino acid change in the HAls of the influenza B viruses studied is 2% per 10 years, whereas the HAls of H3 influenza A viruses vary by 9.2% per 10 years. The sequences of the influenza B HAs were also examined in relation to the three-dimensional model for the A/Aichi/2/68 HA. When the primary amino acid sequences are compared, it appears that most of the important structural features of the type A HAs-such as the sialic acid binding site, the disulfide linkages, and the stem structure of the trimer-are conserved in the influenza B virus HAs. Regions are also identified where extensive amino acid substitutions have occurred among the three antigenically distinct influenza B virus HAs. The locations of these areas in the B HA structure correspond to antigenic regions proposed for the A virus HAs. In addition, modulation of antigenic regions in B virus HAs may also occur through amino acid deletions and variation in glycosylation sites.
The influenza viruses have the unique capacity to undergo a high degree of antigenic variation within a short period of time. It is this property of the virus that has made it difficult to control the seasonal outbreaks of influenza throughout the human and animal populations (1) (2) (3) . Through serologic and sequencing studies, two kinds of antigenic variation have been demonstrated in influenza A viruses. Antigenic shift occurs when the hemagglutinin (HA) is replaced in a new viral strain with an antigenically novel HA. This occurrence of new subtypes (HI, H2, H3) usually results in pandemics as illustrated in i957 when HI viruses were replaced by H2 viruses and in 1968 when H2 viruses were followed by H3 viruses. Antigenic drift occurs in influenza A viruses of a single subtype. Amino acid (4, 5) and nucleotide sequence analyses (6) (7) (8) (9) (10) (11) suggest that antigenic drift occurs through a series of sequential mutations, resulting in amino acid changes in the polypeptide and differences in the antigenicity of the virus. Antigenic drift has also been observed to occur in influenza B viruses (12, 13) , whereas antigenic shift has thus far been associated only with the influenza A viruses. Structural similarities of the HAs of influenza A and B viruses have been emphasized in a previous report (14) , and comparison of sequences of NS (nonstructural), M (matrix), and NA The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
(neuraminidase) genes has identified similarities in the structure of influenza A and B viral polypeptides (15) .
In this report we examine the HA gene sequences from three influenza B field isolates, and we show that the rate of antigenic drift among influenza B viruses appears to be lower than that among influenza A viruses. In addition, similarities between type A and type B HAs allow us to propose possible antigenic sites on the influenza B HA molecule.
MATERIALS AND METHODS
Viruses. Influenza viruses B/Lee/40, B/Md/59, and B/HK/ 8/73 were grown in embryonated hens' eggs. Virus purification and RNA extractions were as described (14) .
Priming and Sequencing of Ha Viral RNA. DNA fragments specific for the priming of the HA gene were isolated by using the full-length cDNA clone of the B/Lee/40 HA gene described previously (14) . The Fifty to 200 ng of each primer was used for dideoxv sequencing of the influenza vRNAs (11, 16, 17) . Because of ambiguities occasionally seen in the sequence when this procedure is used (11, 17) , reactions were simultaneously carried out with B/Lee/40, B/Md/59, and B/HK/8/73 virus RNAs. Direct comparison of the gel patterns for the three RNAs facilitated the identification of nucleotide changes. The B/Lee/40 sequence was previously determined by analyzing the cloned DNA (14) , and only three nucleotide differences were detected by using the two methods. These differences appeared at nucleotide positions 472, 477, and 478.
The nucleotide and amino acid sequences were stored, edited, and compared as described (14, (18) (19) (20) .
RESULTS
Nucleotide Sequences. The nucleotide sequences of the RNA segments coding for the HA molecule of B/Lee/40, B/Md/59, and B/HK/8/73 viruses were determined by the dideoxy method, using restriction fragments derived from a cDNA clone of the B/Lee/40 HA as primers. A comparison of these HA sequences is shown in Fig. 1 (Fig. 2) . Thus, the sequential nature of the majority of these base changes is similar to that seen with influ-B/HK/8/73 enza A virus. HA (9, 11, 21) and NS genes (22 (25) . Structural analysis of the B HA indicates that in many regions insertions of amino acids have occurred relative to the A/ Aichi/2/68 model (Fig. 5) (Figs. 4 and 5 ).
In the absence of information on amino acid positions defined by monoclonal-antibody-selected antigenic variants, the antigenic structure of the B strains cannot be definitively de- (25) . Change in the location of glycosylation sites has been proposed as another mechanism that modulates antigenic variation in influenza A H1 and H3 viruses (24, 25) . The (25) .
